Taste and bulimia. PHYSIOL BEHAV 41(6) [621][622][623][624][625][626] 1987.--Binge-eating episodes in bulimia often involve sweet or fat-containing foods. Sensory perceptions and preferences for sweetness and fat content were examined in 16 normal-weight women with a diagnosis of DSM IIIR bulimia and in 16 normal-weight volunteer controls. Taste stimuli were 15 semi-liquid mixtures of dessert-type soft white cheese ("fromage blanc") containing 0, 3 or 7 grams of fat per 100 g, and sweetened with 1, 5, 10, 20, or 40% sucrose (wt./wt.). The subjects used 9-point category scales to rate the perceived sweetness and fat content of the stimuli, and assigned a pleasantness (hedonic) rating to each sample. Taste preferences were modelled using the Response Surface Method (RSM). Mean estimates of sweetness intensity and fat content were generally similar for bulimic patients and controls. In contrast, profiles of taste preference differed significantly between groups. Opitmal stimulus sweetness was 15% sucrose wt./wt, for bulimic patients and only 9% for controls, while optimal fat levels were lower for bulimic patients relative to controls. The present data are consistent with previous reports that patients with eating disorders crave sweetness but show reduced sensory preferences for fat-containing foods.
THE syndrome of bulimia is characterized by frequent and uncontrolled binge-eating episodes that are followed by fasting, purging or self-induced vomiting [2] . It is estimated that between 1 and 3% of young women suffer from this eating disorder [ 12, 15] , often alternating food binges with periods of rigid dieting.
Binge-eating has been viewed as a form of addictive behavior. Bulimic patients describe binges as bouts of overeating they are unable to control [1] . The sensation of satiety is absent, and eating is reported to be accompanied by racing pulse, sweating, breathlessness and other symptoms of sympathetic activation [18] . Precipitating events may include tension, being alone, craving specific foods (often sweets), thinking of food or actually eating something [1] . Bulimics often seem to know that a binge is imminent, and there are reports of hoarding, buying and preparing foods in anticipation [1] . Revulsion and disgust tend to follow eating binges. Almost invariably, patients induce vomiting immediately after a binge in an effort to regurgitate swallowed food and get rid of unwanted calories [19] .
The choice of "binge foods" is also of considerable interest. Bulimic patients often say that they eat too quickly during a binge to taste anything [1] . However, all patients feel that the taste and texture of food are important, at least at the beginning of the binge. Among the principal binge foods are reported to be ice cream, cookies, cake, chocolate and other sweet desserts [1, 19, 22] . Some bulimics report binges on non-sweet but fat-containing foods, especially cheese, yogurt, and other dairy products. Monitoring binge-eating behavior in a hospital setting showed that the patients mostly ate doughnuts, pies, sandwiches, and chocolate candy [19] . In contrast, eating bouts not classified as binges included salads and diet soft drinks.
The patients' food choices during a binge provide a striking contrast to their usual diets. Young women with eating disorders are reported to avoid all fattening foods, notably 1Requests for reprints should be addressed to Adam Drewnowski, School of Public Health, University of Michigan, Ann Arbor, M148109. The data are means (and SEMs).
sugar and other carbohydrates I13,23] as well as foods rich in fat [3] . Yet the same "forbidden" sweet foods are consumed to excess during a binge, in vast amounts, rapidly, and in private. Clinicians estimate that a typical binge involves between 3-5,000 kcal and lasts about an hour [16] . One report [19] cited the average amount of calories eaten per binge as 4,394 kcal (range 1,436-8,585 kcal) and the mean binge duration as 59 minutes. Clinicians and patients agree that eating binges are extremely difficult to control. Past studies have interpreted binge-eating in terms of breakdown of dietary restraint [21] and counterregulation. However, the reported awareness of an impending binge, loss of control, and frequent (though not invariable) choice of sweet foods suggest that bulimic episodes may have a physiological as we1! as a psychological basis. Specifically, it may be that binge-eating episodes in anorexia nervosa and bulimia are linked to an uncontrollable craving for sweet taste.
In previous studies by Drewnowski and co-workers [6] [7] [8] [9] [10] [11] , human preferences for sweetened high-fat foods were examined as a function of body-weight status. Obese women preferred stimuli rich in fat to those that were intensely sweet [8] . Conversely, emaciated anorectic and bulimic young women preferred very sweet stimuli to those containing butterfat [11] . In the present study, we compared taste responses of normal-weight bulimics with those of normalweight control women. Bulimia was characterized by frequent binge eating followed by self-induced vomiting. Sensory responsiveness to sugar and fat was examined using a model system consisting of semi-liquid white cheese sweetened with different amounts of sucrose.
METHOD

Subjects
Sixteen normal-weight women with a clinical diagnosis of DSM IIIR bulimia took part in the study. The DSM IIIR diagnostic criteria are summarized in Table 1 . All patients reported multiple binge-purge episodes per week for at least three months prior to admission, and half reported several binge-purge episodes per day. Over half of the patients were amenorrheic or oligomenorrheic at the time of the study. All were admitted as outpatients to the psychiatry clinic at the Hotel-Dieu Hospital in Paris for a behaviorally-oriented program that included individual psychotherapy and nutritional counseling. Sensory testing was part of the initial evaluation protocol and was conducted shortly following hospital admission. The study was conducted on a volunteer basis and informed consent was obtained from each participant. An additional control group of 16 normal-weight female subjects who were free of eating disorders was recruited from among students at the University of Paris and the staff of the College de France. The two groups were comparable in age, height and weight, as well as educational and socioeconomic status.
Subject characteristics are summarized in Table 2 . Bulimic women weighed a mean of 56.7 kg, while control women weighed a mean of 55.8 kg. Their mean body mass indices (BMI=wt./ht 2) were comparable. Body mass index of 20.9 corresponds exactly to the median value of BMI for 21-year-old women as indicated by growth charts prepared by the French National Institute for Health and Medical Research (INSERM).
Procedures
The stimuli were three different types of commercially available dessert-type soft white cheese ("fromage blanc") containing different amounts of butterfat. The cheese is marketed in France by Gervais Co. and is advertised as containing 0, 20, or 40% fat. These percentages refer to percent fat as solids weight by weight. According to the manufacturer's specifications, the three types of white cheese contain 0, 3 and 7 grams of fat respectively per 100 g of product. They will be referred to as 0 g, 3 g, and 7 g fat throughout. The three varieties of cheese also contain approximately 8 g protein and 4 g endogenous carbohydrate per 100 g, and are very similar in terms of consistency and texture. Nutrient composition of white cheese is summarized in Table 3 . Added sucrose levels were set at l, 5, 10, 20, and 40% wt./wt, to produce 15 sensory stimuli in a 3x5 factorial design as summarized in Table 4 . The taste samples were presented to subjects at 5°C in 30 ml plastic cups and in a random order. Subjects used a spoon to taste each stimulus, keeping it in the mouth for as long as needed to make judgments of sensory intensity and hedonic preference. The subjects would then spit out the sample and rinse mouth with tap water. Each sample was rated along 9-point category scales. Hedonic response was measured along a scale that ranged from "extremely unpleasant" to "extremely pleasant." Sweetness intensity was measured along a 9-point scale ranging from "not at all sweet" to "extremely sweet," while fat conent was measured along a scale ranging from "not at all fat" to "extremely fat." All subjects were tested in the morning, approximately 3 hours following a standard breakfast.
Data Analyses
Intensity estimates of sweetness and fat content were analyzed using BMDP ANOVA for repeated measures. Hedonic response profiles were analyzed using two principal dependent variables: the magnitude of the pleasantness response (analyzed using BMDP ANOVA), and the ingredient composition of the maximally pleasant (i.e., best tasting) mixture. In addition, a measure of inter-subject variability was obtained by plotting the frequency distribution of each subject's maximal pleasantness scores as a function of stimulus sucrose and fat levels. Frequency distribution of peak hedonic responses shown by bulimic patients and normal controls was then compared using Chi-square test.
Ingredient composition of mixtures rated by individual subjects as best-tasting was derived using a multivariate analytical procedure known as the Response Surface Method [6] [7] [8] [9] [10] [11] . Fifteen hedonic scores obtained for each individual served as input for the RSM model. The hedonic response was assumed to be a non-linear function of the two sensory components--sugar and fat. For the present system, each of the 15 hedonic responses (H) was assumed to be a function of sucrose (S) and fat (F) levels such that: H = a0+ al(logS) + a2(logF) + a:~(log S) 2 + a4(log F) 2 + a~(log S)(log F)
After coefficient values a0 through a5 were determined by solving 15 simultaneous equations, this algorithm was used to predict hedonic responses to a variety of sucrose (S) and fat (F) levels, including those not actually tested. The model interpolated predicted data points among the 15 empirically obtained ones to yield a more accurate representation of the hedonic response surface than could be obtained from experimental data alone. Ingredient composition of the best-liked stimulus was then obtained by determining the sugar (S) and fat (F) levels that contributed to the maximum pleasantness score for a given individual. This mathematical modelling technique is especially useful when subjects assign comparable ratings to several stimuli and the location of the optimal response cannot be unambiguously determined from raw data. Goodness of fit of the model was determined by the least squares method. RESULTS
Taste Responsiveness
Sensory perceptions of sweetness and fat content were comparable for bulimic patients and volunteer controls. However, sensory preferences were significantly different for the two groups, with bulimic patients showing optimum preferences for stimuli that were sweeter but low in fat content. Intensity estimates for sweet taste are summarized in Fig.  1 . Perceived sweetness increased as a monotonic function of sucrose levels. The main effect of sucrose was highly significant, F(2,60)=332.68, p<0.01. There was no main effect of diagnostic group and no significant interactions. However, more detailed analyses revealed that bulimic women consistently rated the lowest sucrose concentration (1% sucrose wt./wt.) as less sweet than did controls. Group effects were only marginal at 0 g fat, t(30) = 1.75, p <0.05 (one-tailed) and 3 g fat, t(30)=1.67, p<0.10; but were significant at 7 g fat, t(30)=2.25, p<0.025. No differences between subject groups were observed at 5% sugar or above. These findings are consistent with the notion that frequent vomiting and repeated exposure of the oral cavity to stomach acids may alter the perception of low-intensity sweet stimuli by bulimic women [14] .
All subjects were capable of evaluating increasing fat content in unsweetened stimuli, as summarized in Fig. 2 . However, their judgments were progressively less reliable as the sucrose content of the mixture was increased. Analysis of variance showed a main effect of fat, F(2,60)= 11.93, p <0.01, and a main effect of sugar, F(4,120)=7.63, p<0.01. Again, there was no main effect of subject group, and no grouprelated interactions. The data are means and SEMs (in parentheses).
Pleasantness (hedonic) ratings are summarized in Fig. 3 . Hedonic responses were strongly interactive and depended on the relative proportions of the two ingredients--sugar and fat. Analysis of variance showed main effects of both sucrose, F(4,120)=7.11, p<0.01, and fat levels, F(2,60)=4.30, p<0.05. The two groups of subjects differed chiefly in their sensory preferences for fat: bulimic patients preferred stimuli with a lower fat content relative to normal controls. The interaction between diagnostic group and fat content was significant, F(2,60)=4.85, p<0.05.
Individual Responses
Hedonic preference functions that have been averaged across subject groups provide no indication of inter-subject variability. Consequently, further analyses addressed taste response profiles of individual subjects. Frequency distributions of maximum hedonic scores as a function of stimulus sugar and fat content are shown in Fig. 4 , separately for bulimic women and normal controls. More bulimic patients preferred intensely sweet stimuli than did controls, Chisquare(2)=6.66, p<0.05. In contrast, control subjects overwhelmingly preferred stimuli with a higher fat content: their modal maximum response was for stimuli containing 7 g fat, Chi-square(2)=10.4, p<0.01. It should be noted, however, that there was considerable overlap between the two groups and that it is impossible to assign a subject to a given diagnostic category solely on the basis of her preferences for sugar or fat.
Response Surface Method
Hedonic responses of individual subjects were also modelled using the Response Surface Method (RSM). This tech- nique maps the location of hedonic optima and can be used to predict ingredient composition of stimuli maximally liked by individual subjects.
In the present procedure, RSM was used to derive optimal sucrose and fat levels for individual subjects. These data were then averaged across subject groups, and means and standard errors are summarized in Table 5 . Bulimic patients as a group preferred more intensely sweet stimuli (16.7% sucrose) than did controls (9.4% sucrose). In contrast, control subjects preferred stimuli with a higher fat content. The best-liked fat level, as predicted by RSM, was 6.0 g fat per 100 g for controls, but only 2.7 g fat per 100 g for bulimic patients. These levels correspond to 33.3% and 18.4% fat as percent solids wt./wt, respectively.
The shapes of hedonic response surfaces for bulimic patients and controls are shown in Fig. 5 . The data are presented as three-dimensional projections of the response surface for each subject group (top panel) and as corresponding iso-hedonic contours. The axes represent sucrose (x-axis) and fat content (y-axis) of the stimuli, expressed as log percentages wt./wt. Regions of optimum preference, as determined by the RSM model are denoted by + signs.
DISCUSSION
Patients with eating disorders show no evidence of deficits in whole mouth sensory perception of stimulus sweetness or fat content, as measured by category scaling of stimuli well above threshold levels. However, in the perception of low-intensity sweet stimuli, bulimic patients sometimes gave slightly lower ratings than did controls. Previous investigators have noted selective taste deficits in bulimia; however, these results were obtained chiefly for threshold sensitivity to sour and bitter tastes [14] .
Emaciated anorectic patients have been reported to show elevated preferences for sweet taste [9, 11] . In previous studies, both anorectic and bulimic patients liked intensely sweet stimuli (approximately 12-15% sucrose) but showed reduced sensory preferences for fat relative to normalweight controls [l 1]. In the present study, normal-weight bulimic women liked intensely sweet stimuli (mean optimum: 16.7% sugar) and were less likely to express preferences for stimuli high in fat content than were normal controls.
The present use of white cheese ("fromage blanc") extends to a new sensory system previous studies that were conducted with mixtures of milk, cream and sugar. It should be noted that the present range of fat levels (0-7 g fat per 100 g) was much narrower than the range used in previous studies (0-52 g fat per 100 g). However, the new stimuli have the distinct advantage of being comparable in terms of their texture, viscosity and mouthfeel. Interestingly, sensory preferences changed as a function of fat content, even when the fat content itself was only imperfectly monitored by the subjects. These data suggest that fat often provides "hidden calories" in the sense that subjects are often not consciously aware that they are consuming fat-containing foods.
Another issue addressed by the present study concerns individual hedonic response data. Several investigators have pointed out that the "average" hedonic function is likely to be a composite of many, often distinct types of preference response. Booth [5] , Pangborn [20] and other investigators [6, 7] have argued that sensory studies should focus on individual patterns of taste responsiveness rather than on averaged group data. Such focus on the individual is especially important in clinical studies. Patient populations, whether anorectic or obese, tend to be heterogenous, and are unlikely to present a uniform profile of sensory responsiveness or food choice. The present approach has been to present and analyze hedonic response data for individual subjects in addition to group means. We should also note that our subjects were of a different culture than the typical research sample of Anglo-Saxon university students and were likely to have different eating habits and experiences. In this modest way, our study provides some cross-cultural validation of prior hypotheses about food preferences in bulimia.
What factors account for increased sensory preferences for sweet taste among normal-weight bulimics is still a matter for speculation. One plausible central mechanism involves the endogenous opioid system. Opioids are known to mediate the biological response to stress [17, 24] and are thought to modulate the pleasure response to sweetness [4] . Dieting anorectic and bulimic patients have been reported to show both elevated levels of beta-endorphin [17] and elevated preferences for the taste of sweet solutions [9, 11] . It remains to be seen whether individual taste responsiveness mediates the presumed link between physiological factors, binge-eating behaviors, and the selection of sweet foods during an eating birge.
